Introduction {#Sec1}
============

Water is involved in practically all functions of the human body and plays a crucial role in life and health. Body water is essential not only for the digestion, absorption, metabolism and elimination of metabolites, but also for the structure and function of tissues and the maintenance of body temperature \[[@CR1]\]. Dehydration can affect human health to such an extent that it can cause death. Even dehydration of only 1 or 2 % of body water has been shown to impair cognitive functions, alertness and capacity for exercise \[[@CR2]\].

To keep the balance between water input and water losses, individuals are recommended to comply with the reference values of total water intake that have been established by some international societies or institutions \[[@CR3], [@CR4]\]. Total water intake includes water from drinking water, beverages of all kinds and food moisture. These reference values are largely based on observational studies of total water intake conducted in healthy individuals and the estimation of total water balance, which takes into account losses. However, the established reference values vary considerably, which can be partly explained by differences in the methodology used to estimate fluid intake and/or losses \[[@CR5]\].

In most of the studies, food frequency questionnaires or 24-h recall was used to evaluate total fluid intake (sum of drinking water and beverages of all kinds). However, these questionnaires are designed to evaluate food intake and not fluid consumption as a whole. They usually focused only on the intake of solid foods and drinks, predominantly on those that provide calories. For this reason, and because fluids are often consumed outside mealtimes and not perceived as a food, fluid intake tends to be underestimated by as much as 500 mL/day \[[@CR6]--[@CR9]\].

Also, most food records or dietary recalls do not capture the consumption of water; the consumption of other beverages is often underestimated by the individual or the interviewer \[[@CR10]\]. This means that little is known about total fluid intake, so it is difficult to establish fluid recommendations on the basis of scientific evidence.

For this reason, the main aim of the present study is: (a) to evaluate the total fluid intake from beverages in adult populations from 13 countries in three continents, (b) to assess the percentage of individuals complying with the European Food Safety Agency (EFSA) adequate intake (AI) of water from fluids and (c) to assess the possible determinants of total fluid intake.

Methods {#Sec2}
=======

Design and study population {#Sec3}
---------------------------

The present study is a cross-sectional analysis of original or published data collected in adults and elderly (≥18 years) by 13 different surveys conducted in Latin America (Mexico \[[@CR11]\], Brazil and Argentina), Europe (Spain \[[@CR12]\], France, UK \[[@CR13]\], Germany, Poland and Turkey) and Asia (Iran \[[@CR14]\], China \[[@CR15]\], Indonesia and Japan) by public (Iranian National Nutrition and Food Technology Research Institute, NNFTRI, and Chinese Centre for Disease Control, CDC) and private organizations. The primary objective of these surveys was to assess the sources of fluid consumption, including drinking water and different types of beverages. The individual surveys took place between 2008 and 2014 and were referred to as Liq.In^7^. The participants in each country were randomly recruited either from a database of volunteers for population surveys or via systematic door-to-door recruitment until the quotas for age, gender, region, habitat and/or socioeconomic characteristics in relation to the total country population were met.

The following individuals were excluded from participating: those working in company advertising; marketing; market research; the media; the manufacture, distribution and sale of water; and all kinds of beverages. Likewise, people not able to read and write in the language of the questionnaire were not eligible to participate in the survey. Having a specific diagnosed disease and/or following a medically prescribed diet was additional exclusion criteria in UK, Iran and China. The surveys in Argentina, Poland and Japan also excluded participants who had taken part in a survey about non-alcoholic drinks in the previous 6 months. Participants who did not complete the full fluid intake record, participants reporting a mean total daily fluid intake below 0.4 L/day or higher than 6 L/day or those who had participated in a market research study in the previous 6 months were excluded from the analysis. Pregnancy or lactation was not a specific exclusion in the most countries, except in Iran and China. The effective sample size for the present study was 16,276 participants. Individuals who agreed to be part of the survey received detailed information about the survey's objectives, what was expected of them, and information about the study's provisions to preserve confidentiality, risks and benefits, and a clear explanation about their option to participate voluntarily or not in the study. After being given a fully informed description of the study, following the principles of informed consent, participants were asked for their oral approval to participate. No monetary incentive was offered for taking part in the study. All data were recorded anonymously. Therefore, subjects included in the dataset cannot be identified, either directly or through identifiers. The survey protocol of the unpublished surveys was reviewed and approved by the University of Arkansas Review Board (ref. 14-12-376).

Assessment of total fluid intake {#Sec4}
--------------------------------

All participants were provided with a 24-h fluid-specific record so that they could collect information on their fluid intake over seven consecutive days. The 7-day fluid-specific record was always presented in the official language of the country. In all countries except France, Germany and Japan, a paper version of this 7-day fluid-specific record was delivered and explained to the participants during an initial interview at home. After a period of 7 days, the fluid record was collected from the participant's home by the researcher and checked with the participant. In France, Germany and Japan, participants completed 7-day fluid-specific record online. On the morning of the first day, these participants received an electronic reminder with written instructions on how to fill in the fluid record. Paper memory cards were made available to the participants so that they could make notes during the day and subsequently complete the fluid record online. Both the paper and online records had the same structure: The participants were asked the type and temperature of the beverage, the volume of the intake, the reason for the intake, and where and when it was consumed. The questionnaire also asked whether the fluid was consumed by itself or with some food, but did not record the food consumed. To assist the participants in estimating how much fluid was consumed, the records were supported by a photographic booklet of standard fluid containers. The questionnaire items on different types of fluids included: water (tap water, still bottled water and sparkling bottled water); hot beverages (coffee, tea and other hot beverages); milk and milk derivatives; regular sweet beverages (carbonated soft drinks, non-carbonated soft drinks, juices, energy drinks, sports drinks, other sugared soft drinks); diet sweetened beverages (diet carbonated soft drinks, diet non-carbonated soft drinks, other diet soft drinks); and alcoholic drinks. Total fluid intake was defined as the sum of all these categories.

The percentage of individuals following the EFSA adequate intake of water from fluids was calculated. The EFSA sets an AI of total water intake for men and women at 2.5 and 2 L, respectively. The sources of this water can be food moisture, drinking water and different types of beverage. The EFSA assumes that foods usually contribute about 20 % of total water intake \[[@CR3]\]. Therefore, we set the AI of water from fluids, preferably water, to be at 2 L/day for men and 1.6 L/day for women. Within this manuscript, we will as of now on refer to these values as AI of fluids.

Assessment of socioeconomic and anthropometric variables {#Sec5}
--------------------------------------------------------

Socioeconomic level was assessed using a self-administered questionnaire in most of the countries and was categorized using the Market Research Society classification \[[@CR16], [@CR17]\].

Height in meters (m) and weight in kilograms (kg) were self-reported by participants, except in Poland, Iran and China where these variables were measured. The body mass index (BMI) was calculated (kg/m^2^). In Mexico, Brazil, Argentina, Indonesia and Japan, no anthropometric data were available.

Statistical analysis {#Sec6}
--------------------

Data are presented either as means and 95 % confidence intervals (95 % CI), medians and 25th and 75th percentiles for continuous variables, or numbers and percentages for dichotomous variables. We compared the distribution of the selected characteristics between groups using *χ*^2^ tests for categorical variables or Student's *t* tests or analysis of variance (ANOVA), as appropriate, for continuous variables. Logistic regression models were fitted to assess the associations between compliance with the AI of fluids for total fluid intake (dependent variable) and gender (two categories) or age categories (four categories) as exposure. The models were adjusted for gender (except when gender was the independent variable), age in years (except when age categories were the independent variable), BMI in kg/m^2^ and socioeconomic characteristics (lower and middle-low, middle, upper-middle and high). All statistical tests were two-tailed, and the significance level was set at *p* \< 0.05. All analyses were performed using the SPSS software version 22.0 (SPSS Inc, Chicago, IL).

Results {#Sec7}
=======

The present analysis was conducted in a total of 16,276 participants (7580 men and 8696 women) from 13 countries. The baseline characteristics of participants are summarized in Table [1](#Tab1){ref-type="table"}. The mean age of the population was 39.8 years old, with a range between 18 and 87 years. A total of 25.9 % of the population were more than 50 years of age, 22.7 % were between 40 and 49 years of age, and 23.9 and 27.5 % were between 30 and 39, and 18 and 29, respectively. The participants had a mean BMI of 25.1 kg/m^2^, and more than half had a low or middle-low socioeconomic level.Table 1General characteristics of the study population, categorized by countryGender (%)Age (years)Age categories (years) (%)BMI (kg/m^2^)Socioeconomic level (%)MenWomen18--2930--3940--49≥50ABCDMexico (*n* = 1498)38.361.738.4 (37.7, 39.2)34.020.819.625.7ND6.745.647.7Brazil (*n* = 1924)48.951.134.6 (34.1, 35.1)38.126.525.59.9ND20.145.534.4Argentina (*n* = 507)47.552.537.4 (36.3, 38.6)37.521.117.823.7ND8.555.436.1Spain (*n* = 1240)50.849.242.9 (42.1, 43.7)19.023.524.832.725.6 (25.4, 25.8)25.470.83.8France (*n* = 1534)52.447.644.7 (43.9, 45.4)18.819.821.340.125.2 (25, 25.5)NDNDNDUK (*n* = 897)41.458.643.9 (42.9, 44.9)18.424.123.234.327.2 (26.7, 27.6)17.353.429.3Germany (*n* = 1868)45.854.242.9 (42.3, 43.5)17.021.328.733.026.2 (26, 26.5)NDNDNDPoland (*n* = 1062)48.751.346.1 (45.1, 47.1)19.519.917.842.826 (25.8, 26.3)10.073.017.0Turkey (*n* = 961)50.849.234.4 (33.7, 35)38.127.623.410.925 (24.7, 25.3)NDNDNDIran (*n* = 572)49.550.536.9 (35.9, 37.9)36.026.019.818.225.3 (24.9, 25.7)22.634.443.0China (*n* = 1466)505039.4 (38.8, 40)24.725.425.824.122.7 (22.5, 22.8)NDNDNDIndonesia (*n* = 1366)32.567.535.2 (34.6, 35.9)39.327.617.315.7ND25.855.418.7Japan (*n* = 1381)50.549.5ND26.427.221.325.1NDNDNDNDTotal population^a^ (*n* = 16,276)46.653.439.8 (39.6, 40.1)27.523.922.725.925.1 (25, 25.2)17.554.328.1Data expressed as mean (95 % CI) or percentage*BMI* body mass index, *ND* no data^a^Include only those countries with data available on the presented characteristics

Table [2](#Tab2){ref-type="table"} shows the median and distribution in percentiles of the total fluid intake by country. The median total fluid intake for the total population was 1.98 L/day. Few differences were observed in the median consumption of total fluid intake between men and women in most of the countries. Germany had the highest total fluid intake (2.47 L/day), and Japan the lowest (1.50 L/day).Table 2Total fluid intake in L/day, categorized by countryMean (SD)Percentiles5102550759095**Total population** (***n*** *** = 16,276)***1.98 (0.95)0.770.931.271.802.493.283.81Mexico (*n* = 1498)1.81 (0.97)0.660.791.121.592.313.133.73Brazil (*n* = 1924)2.22 (1.11)0.821.001.402.002.803.754.50Argentina (*n* = 507)2.30 (0.99)1.021.171.592.152.883.634.28Spain (*n* = 1240)1.90 (0.81)0.820.991.331.772.352.983.43France (*n* = 1534)1.56 (0.67)0.680.801.081.451.942.462.82UK (*n* = 897)2.32 (0.86)1.121.321.682.192.833.463.95Germany (*n* = 1868)2.47 (0.89)1.001.270.832.463.083.713.98Poland (*n* = 1062)1.64 (0.54)0.861.001.241.571.962.402.62Turkey (*n* = 961)2.21 (1.06)0.891.061.442.022.763.584.22Iran (*n* = 572)1.92 (0.80)0.871.031.331.812.333.033.34China (*n* = 1466)1.76 (0.92)0.660.811.131.562.162.963.62Indonesia (*n* = 1366)2.28 (1.02)0.911.051.482.132.963.784.22Japan (*n* = 1381)1.50 (0.64)0.610.761.021.401.882.362.72**Men** (***n*** *** = 7580)***1.97 (0.96)0.770.921.261.782.483.273.84Mexico (*n* = 574)1.77 (0.92)0.630.761.101.582.243.093.66Brazil (*n* = 941)2.34 (1.16)0.851.051.452.103.004.004.70Argentina (*n* = 241)2.32 (0.94)1.061.191.672.132.873.604.22Spain (*n* = 630)1.94 (0.84)0.800.991.341.802.373.013.52France (*n* = 804)1.55 (0.66)0.690.801.081.431.932.412.82UK (*n* = 371)2.24 (0.82)1.081.301.622.152.803.253.78Germany (*n* = 856)2.51 (0.94)0.921.211.812.433.063.734.03Poland (*n* = 517)1.70 (0.53)0.941.101.311.632.042.472.67Turkey (*n* = 488)2.15 (1.01)0.901.051.421.932.703.494.03Iran (*n* = 283)1.92 (0.78)0.891.041.331.802.373.033.33China (*n* = 733)1.78 (0.95)0.680.821.121.572.163.023.82Indonesia (*n* = 444)2.33 (1.08)0.941.071.472.182.993.934.41Japan (*n* = 698)1.47 (0.63)0.590.721.011.391.842.282.66**Women** (***n*** *** = 8696)***1.98 (0.95)0.780.931.281.812.503.293.80Mexico (*n* = 924)1.84 (1.00)0.690.801.121.602.343.203.82Brazil (*n* = 983)2.10 (1.05)0.800.971.301.902.573.514.20Argentina (*n* = 266)2.29 (1.04)0.991.131.502.152.933.744.41Spain (*n* = 610)1.87 (0.79)0.830.971.321.732.292.893.37France (*n* = 730)1.57(0.61)0.670.781.081.441.972.502.81UK (*n* = 526)2.37 (0.88)1.171.341.752.232.893.584.07Germany (*n* = 1012)2.45 (0.90)0.961.231.782.443.073.623.94Poland (*n* = 545)1.57 (0.55)0.770.941.191.511.882.322.573.53Turkey (*n* = 473)2.27 (1.11)1.081.201.552.003.053.884.59Iran (*n* = 289)1.92 (0.82)0.861.021.331.832.273.043.40China (*n* = 733)1.75 (0.89)0.660.801.141.562.172.923.54Indonesia (*n* = 922)2.26 (0.99)0.881.041.482.102.953.684.11Japan (*n* = 683)1.52 (0.65)0.660.791.041.421.932.412.75

As shown in Fig. [1](#Fig1){ref-type="fig"}, the percentage of individuals meeting with the AI of fluids varied considerably between countries. Women were more likely to comply with AI of fluids. A total of 59.2 % of women complied with the reference value of 1.6 L, whereas only 40.6 % of men complied with the reference value of 2 L. In all the countries included in this analysis, a higher percentage of women complied with the AI of fluids. Only in five of the 13 countries, more than 50 % of the men comply with the AI of fluids.Fig. 1Percentage of participants complying with EFSA adequate intake of water from fluids, by country and gender. ^a^ *p* value \<0.001

Figures [2](#Fig2){ref-type="fig"} and [3](#Fig3){ref-type="fig"} show the adjusted odds ratio (OR) (95 % CI) of complying with the AI of fluids, for gender and age range, respectively. When the analysis of total population was stratified by gender (Fig. [2](#Fig2){ref-type="fig"}), women were more than twice as likely as men to meet the AI of fluids (OR 2.149; 95 % CI 2.02--2.29). In all the countries, men were at greater risk than women of not complying with the AI of fluids. When the total population was stratified by age (Fig. [3](#Fig3){ref-type="fig"}), we observed that participants between 30 and 39 years old had a nonsignificant 3 % lower probability of complying with the AI of fluids, whereas individuals of over 50 years of age presented a significant 12.4 % lower probability of compliance in comparison with the age range 18--29 years old. In terms of compliance with the AI of fluids, no differences were found between individuals of 40--49 years of age and those younger than 29 years.Fig. 2Association between compliance with EFSA adequate intake of water from fluids (outcome) and gender (exposure) according to countries. Men were considered as reference. Logistic regression model adjusted for age, body mass index and socioeconomic level. *95* *% CI* 95 % confidence intervalFig. 3Association between compliance with EFSA adequate intake of water from fluids (outcome) and age categories (exposure), according to countries. The 18--29 age range was considered as reference. Logistic regression model adjusted for gender, body mass index and socioeconomic level. *95* *% CI* 95 % confidence interval, *yo* years old

Table [3](#Tab3){ref-type="table"} shows the percentage of the population that complied with the AI of fluids according to adequacy percentage categories. Of the total population from the different countries, 9.0 % did not consume even half of the reference value, 40.5 % consume between 50 and 100 %, and 50.5 % consume the adequate intake set by EFSA. Japan had the highest percentage of population (17.1 %) that consumed less than half of the AI of fluids, and the UK was the country with the lowest (1.2 %). Germany had the highest percentage of individuals complying with AI of fluids (73.8 %), whereas Japan had the lowest (28.8 %).Table 3Percentage of the population by adequacy percentage categories, achieving EFSA adequate intake of water from fluids≤50 %50--75 %75--100 %\>100 %Mexico (*n* = 1498)13.522.420.843.3Brazil (*n* = 1924)7.516.617.758.2Argentina (*n* = 507)2.813.219.964.1Spain (*n* = 1240)7.417.126.249.3France (*n* = 1534)15.928.225.030.9UK (*n* = 897)1.21017.870.9Germany (*n* = 1868)4.17.914.273.8Poland (*n* = 1062)6.126.532.834.7Turkey (*n* = 961)5.816.819.558.4Iran (*n* = 572)5.321.223.150.5China (*n* = 1466)14.123.623.738.7Indonesia (*n* = 1366)2.715.515.666.2Japan (*n* = 1381)17.129.824.228.8Total population (*n* = 16,276)9.019.321.250.5

Discussion {#Sec8}
==========

The main objective of the present innovative study is to estimate total fluid intake (water and other beverages) and assess the percentage of individuals who comply with the EFSA adequate intake of water from fluids (drinking water and beverages of all kinds). We report that less than 50 % of the women and approximately 60 % of the men from 13 different countries did not comply with the adequate intake values of water from fluids.

To the best of our knowledge, to date, only a few national population-based studies conducted on healthy individuals \[[@CR18]--[@CR27]\] have reported total fluid intake as a primary outcome. Of these, only four used a 7-day record to evaluate the total fluid intake \[[@CR15], [@CR19]--[@CR21]\], while the others used dietary records of 4 days or less. Only one used a 7-day fluid-specific record \[[@CR15]\].

Our study reported a higher total fluid intake than other investigators have reported for the same countries \[[@CR19]--[@CR21]\]. This may be because a prospective fluid-specific questionnaire was used, which enabled participants to better register all the sources of fluid consumption. For example, a previous study that evaluated total fluid intake in an adult population of 20--54 years old from France revealed that the median fluid consumption was 1300 mL/day and that intake was lower in older individuals \[[@CR21]\]. In contrast, our study found that the total median fluid intake for France was 1560 mL/day. Although the authors did not evaluate the percentage of participants who did not comply with the EFSA reference values of total water intake, their results suggest that a high percentage of the French population are at risk of an inadequate intake. In Germany, in 2011, total fluid intake recorded by adults with a 7-day food record was found to be only 1526 mL/day for men and 1214 mL/day for women \[[@CR20]\]. Our study found the median total fluid intake in Germany to be remarkably higher (approximately 2510 and 2450 mL/day for men and women, respectively), which means that a higher percentage of German males and females comply with the AI of fluids. In the UK \[[@CR19]\], previous reports of median total fluid intake (1900 mL for men and 1520 mL for women) are also lower than the findings of the present study (2240 and 2370 mL for men and women, respectively).

Our study is the first that enables total fluid intake to be compared between countries because the same methodology of data recording was used in all the surveys. Germany and the UK were the countries where the highest percentages of the population complied with the AI of fluids, whereas Japan was the country with the lowest. It is difficult to find a physiological reason for these between-country differences. The well-known and described differences in climate conditions (temperature and humidity) between countries cannot explain the differences found in our study because some warm countries (where fluid demands should be higher) had lower total fluid intakes than cold ones. However, these differences may be partly explained by the fact that not all surveys were carried out in the same season, even though all surveys aimed to perform data collection during the period of mild climate (spring or autumn). It is accepted that temperatures are more extreme during the summer, so fluid intake and loss are also expected to be higher. Water needs in summer increase because water loss through sweat higher than in winter \[[@CR18]\]. Another issue that must be noted is that, in summer, habits of adapting environmental conditions (air-conditioned or heating rooms) are less similar than those in winter. However, we cannot discount that other social determinants of fluid intake may explain some of the differences observed between countries in the present study \[[@CR28], [@CR29]\].

Although total fluid intake may well be expected to be different between men and women because of well-recognized differences in body surface and composition, our study found no significant differences in total fluid intake between genders in most of the countries. This adds further weight to the argument that social or educational aspects may play an important role in determining total fluid consumption. In this regard, it has been frequently reported that women in developed countries tend to have a healthier lifestyle pattern than men \[[@CR28]\] and it is generally accepted that adults with a healthier dietary pattern usually have a healthier fluid pattern (that is to say, an increased consumption of water and total fluids) \[[@CR29]\]. This also may explain the positive association between complying with the AI of fluids and being women in all the countries evaluated.

Several potential limitations of our study need to be considered. Although all samples were randomly selected from a database of volunteers for population-based surveys or through a door-to-door recruitment process using the same quota sample method, which led to a large representative sample of adults in each country for the stratum considered \[[@CR30]\], the populations in our study are not fully representative of the general population of each country. Nevertheless, the final distribution of the individuals studied among age groups, gender, regions and educational categories was very similar to the real distribution of the population of each country studied. The second limitation is inherent to the survey itself: The method used to collect anthropometric (reported or measured) and socioeconomic data was not the same in each country, and in some surveys, this information was not assessed. However, this information was only used to characterize the samples and would not influence the main outcome. Third, because we have only assessed the total fluid intake and no biomarkers of hydration status were used, no conclusions about the risk of dehydration and health can be drawn. Finally, the 24-h fluid-specific record over 7 days used in the present study must be validated in the future with gold-standard methods, in order to have the certainty that total fluid intake is reliably assessed.

The most relevant strength of this analysis is that it reports for the first time the description of total fluid intake of 16,276 participants in 13 countries from three continents. Moreover, a unique 24-h fluid-specific record over seven consecutive days was used that focused on self-reported total fluid intake, encompassing different types of fluids and was supported by visual aids, to facilitate recall and recording. This is the first time that the actual fluid pattern of a large sample of adults is recorded for all of these countries and valuable information is provided about the real differences in fluid intake between and within countries. This information suggests that if the reference values of water from fluids would be improved in the future, there should be a particular emphasis on those population groups found to be more at risk of not drinking enough, specifically the male gender and the elderly.

In conclusion, there were considerable differences in total fluid intake between countries but not between genders. For all the countries, only 40 % of men and 60 % of women comply with the EFSA adequate intake of water from fluids. Men had an increased risk of not complying with the EFSA adequate intakes of water from fluids. In most countries, elderly individuals had an increased risk of not complying with these adequate intakes. These results signify that a considerable portion of the study populations is potentially a risk of hydration-related health consequences such as chronic kidney disease \[[@CR31]\]. Therefore, there is a clear need for additional longitudinal studies confirming the possible effects on health of an inadequate intake of water from fluids. Moreover, since there is merging evidence that a low fluid intake is a potential risk factor for health, the reference values of total water intake should be translated into practical recommendations for the general population and are ideally supported with community interventions.
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